ABSTRACT A time-resolved x-ray imager based on the gated microchannel plate (MCP) technology is reported. The single MCP microstrip line with a width of 20 mm is formed to improve the spatial resolving capability. The microstrip line cathode coated on the MCP is driven by four gating pulses simultaneously. Each gating pulse has an amplitude of −1.7 kV and a width of 160 ps. The temporal resolution of the imager is demonstrated by utilizing an ultraviolet (UV) laser pulse and a fiber bunch optics. A measured temporal resolution of 68 ps is achieved, while the photocathode is applied with the four gating pulses plus a -200 V DC bias. Moreover, the gain uniformity of the imager is charactered at the Shenguang-III (SG-III) laser facility. An x-ray with 3 ns width is used to irradiate the microstrip line cathode uniformly. Then, the gating pulses travel along the microstrip line cathode with a gradually reduced amplitude, which lead to a decreasing gain. The measured results show that the MCP gain is dropped to 30% along the gating pulse traveling direction, and a perpendicular gain variation of 4% is obtained.
I. INTRODUCTION
The x-ray imagers based on the gated microchannel plate (MCP) technology have time-resolved and two-dimensional spatial resolution. These gated MCP imagers have been successfully used in the inertial confinement fusion (ICF) experiments to collect several successive x-ray images, which can document the x-ray changes over time with the scale of about 1-2 ns [1] - [6] . This imager contains a photocathode with a microstrip transmission line structure coated on the MCP input surface. The signal is gated and gained while a gating pulse travels along the MCP microstrip line [7] - [9] . Such imagers with a temporal resolution of 35-100 ps have been developed [7] , [8] . While the photoelectrons are synchronized with the gating pulse, these photoelectrons can be amplified by the MCP. Otherwise, they will be absorbed by the MCP. The MCP gain is proportional to a 10-20 power of the applied voltage. Then, a small change of the MCP voltage
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will affect the gain significantly. The amplitude of the MCP gating pulse will be decreased gradually while the pulse travel on the microstrip line cathode, which lead to a large gain variations in the MCP microstrip line. The gain uniformity may bring measurement error in the ICF experiments, such as the spectroscopic data analysis with varying line intensities and ratios [10] , [11] . The gain uniformity should be measured to obtain the quantitative information.
In this paper, an x-ray imager with a 20 mm width microstrip line is developed for the extreme ultraviolet spectrometer used at the Shenguang-III (SG-III) laser facility of China. The temporal resolution and the gain uniformity of the imager are charactered.
II. INSTRUMENT ARCHITECTURE
The instrument consists of five main modules: an x-ray optical imaging system, a MCP imager, a gating pulse generator, a remote control circuit system, and a charge-coupled device (CCD). The layout of these components is shown in Fig. 1(a) , and the photographs of the instrument are shown in Fig. 1(b) and Fig. 1(c) . The MCP imager shown in Fig. 2 is made up of a tapered transmission line, a microstrip line photocathode, a MCP, and a phosphor screen. The diameter of the MCP is 56 mm, the thickness is 0.5 mm, and the bias angle is 6 • . The microchannel pore with a diameter of 12 µm is used. The microstrip line photocathode is coated with 100 nm Au and 500 nm Cu on the MCP. The other side of the MCP is also deposited, and the thicknesses of the Cu as well as the Au are the same as that for the MCP input surface. The MCP output surface is the ground potential. The MCP microstrip line has a width of 20 mm, which is much wider than the usual width of 6 mm. The gating electrical pulse travels on the microstrip line to achieve the MCP gate width and the MCP gain [8] . However, the amplitude of the MCP gating pulse will be decreased gradually, which leads to a large MCP gain reduction along the gating pulse propagation direction. Moreover, the gating pulse is lost more rapid while the microstrip line is wider, and the MCP gain uniformity will be worse. To obtain an adequate voltage magnitude at the end of the MCP microstrip line and improve the gain uniformity, there are four gating pulses used to drive the MCP microstrip line simultaneously. Each gating pulse is transmitted from imager input port to the photocathode by a tapered microstrip transmission line, which is etched on a printed circuit board (PCB), and they are overlapped at the beginning of the microstrip line cathode. The overlapped pulses pass through a gold sheet and then to the photocathode. In the output side, another tapered microstrip transmission line is formed to transmit the gating pulse from microstrip line photocathode to output side connector. The photograph of the PCB coated with the tapered transmission lines is shown in Fig. 2 (b) . The dielectric constant of the PCB is 2.5, and the thickness is 0.5 mm. The distance between the MCP output side and the phosphor is 0.5 mm. The MCP output side is earthed, and a positive DC or pulse voltage is applied on the phosphor. The phosphor is coated on a fiber-optic faceplate, and the faceplate output is coupled with a cooled CCD. There are two options for the phosphor voltage, which are 3.5 or 4.5 kV. The width of the pulse phosphor voltage is about 15 µs.
A pulse generator producing four identical gating pulses is used. The four gating pulses are overlapped and used to drive the single wide microstrip line photocathode. Firstly, several avalanche transistors are constructed with a Marx bank circuit configuration to create high voltage pulses with fast rise time. Then, the output pulse is transmitted to an avalanche diodes shaped circuit to generate the gating pulse [12] . The gating pulse on MCP is shown in Fig. 3 . The gating pulse width is 160 ps and the amplitude is −1.7 kV.
III. PERFORMANCE MEASUREMENT
The width of the gain curve is regarded as temporal resolution. Fig. 4(a) is the schematic diagram of the temporal resolution measured setup. A fourth harmonic of yttrium aluminum garnet (YAG) laser system outputting two laser pulses is used. The laser wavelengths are 532 nm and 266 nm, respectively. The laser pulse with 532 nm wavelength is reflected by M 1 mirror, and irradiates PIN to produce the electrical trigger signal. Then, the signal triggers the MCP pulse generator, and four gating pulses are outputted. The four pulses drive the single wide MCP microstrip line cathode synchronously. The ultraviolet (UV) 266 nm laser pulse with a 30 ps pulse width is delayed in the air and reflected by M 2 mirror, and then irradiates the fiber bunch with thirty different length fibers. Then, thirty laser pulses are outputted at different time from the fiber bunch. A delay time of 30 ps between each two neighboring fibers is used. Finally, the lenses L 1 and L 2 image the thirty laser pulses onto the MCP microstrip line cathode, and thirty photoelectron pulses are generated at different time. The fibers in the output end are arrayed as shown in Fig. 4(b) . There are three rows, and the fibers in each row are ten. The fiber with the minimum length is labelled number one. The length will increase 6 mm, while the fiber number adds one. The spatial distance of each two neighboring fibers is 0.2 mm. The long side of the fiber image is perpendicular to the transmission direction of the MCP gating pulse. The delay circuit should be adjusted accurately to insure that the UV laser pulses are synchronized with the MCP gating pulse.
While a −600 V DC voltage is applied on the MCP, the static image of the fiber bunch is shown in Fig. 5(a) . There is a spatial distance of 0.5 mm between each two adjacent images. While a −200 V DC bias plus the gating pulse is VOLUME 7, 2019 applied on the MCP, the fiber bunch gating image is shown in Fig. 5(b) . The images in Figs. 5(a) and 5(b) outputted from CCD are original picture. The intensity fluctuations of the image in Fig. 5(a) are used as background for the relative illumination, and the static results are used to calibrate the gating results in Fig. 5(b) . Finally, the calibrated intensity of the gating image is plotted versus the time of the laser pulse arriving at MCP, shown in Fig. 5(c) . The square points are the experimental results, and the line is the Gaussian fitting curve for the points. Fig. 5(c) shows that a temporal resolution of 68 ps for the gated MCP imager is achieved.
The amplitude of the gating pulse is decreased gradually while it travels on the MCP, and a decreasing MCP gain on the microstrip line cathode is caused [13] . The gain uniformity is an important parameter of the imager, which can be used to improve the quantitative precision in ICF x-ray imaging. The gain uniformity measured setup is similar to the tested setup for the temporal resolution. However, the laser width is larger, and there is no fiber bunch. The gain uniformity measurement is charactered at the SG-III laser facility [14] . The whole camera is mounted on a diagnostic instrument manipulator at the SG-III laser facility. The eight frequency-tripled beams with wavelength of 350 nm are focused on the target to produce x-ray with width of about 3 ns [15] . There is no imaging optics between the x-ray source and the photocathode. Therefore, the x-ray irradiates the microstrip line cathode uniformly. The camera is timed to obtain x-ray images in the center of the 3 ns x-ray pulse. While a −600 V DC voltage is applied on the MCP, the static image of the microstrip line is shown in Fig. 6(a) . While the gating pulses plus a DC bias of −200 V are applied on the MCP, the gating image of the microstrip line is shown in Fig. 6(b) . The gating pulse propagates from bottom to top on the MCP microstrip line. The gating image in Fig. 6(b) is original, and it can be calibrated by the original static image in Fig. 6(a) . Horizontal line out of the gating image, and the results are shown in Fig. 6(c) . Fig. 6(c) shows that a gain variation of about 4% is achieved perpendicular to the gating pulse transmission direction while the gain in edge is neglected. The vertical line out of the gating image is shown in Fig. 6(d) , which shows the gain is dropped to 30% along the MCP gating pulse traveling direction.
IV. CONCLUSION
An x-ray imager with single wide MCP microstrip line for the extreme ultraviolet spectrometer is developed. In the previous imager, the width of the microstrip line is small [12] , which limits the improvement of the spatial resolution. To improve the spatial resolving capability, the width of the microstrip line is formed as wide as 20 mm in this paper. The microstrip line cathode is driven by four identical gating pulses simultaneously. The amplitude of each gating pulse is −1.7 kV, and the width is 160 ps. While the photocathode is applied with four gating pulses plus −200 V bias, a measured temporal resolution of 68 ps for the imager is achieved. The gain uniformity of the imager is measured by an x-ray with width of 3 ns at the SG-III laser facility. The experimental results show that the gain on the MCP along the gating pulse traveling direction is dropped to 30%, and the MCP gain variation perpendicular to the gating pulse traveling direction is within 4%. YONG WANG is currently pursuing the master's degree with the College of Physics and Optoelectronic Engineering, Shenzhen University, China. His research activities are related to control circuit of ultrafast sensor.
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